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ABSTBACT 

This Study cospared the rapid acrd processing 
. abilities of grpaps of students in college, fourth grade, second 
grade, and kindergarten to see ^if there is a deielopsental pattern in 
such skill developaent^ and to see if phonics training shculd 
'eaphasixe either letters and the orthcgxaphic rules that create words 
or letter clusters (cofson vords) that ^e learned as perceptual 
.units through reading experience. Subjetts indicated shether a target 
letter appeared in a display consisting of three, foar, or five 
letter words,' pseudowords, and nonwords; the target letter was 
^ Present in half th4 trials, the pattern of results cbtained for the 
—kindergarten a,tudents was different f res th*e refults for the other ' 



age groupst kindergartiin pupils showed no diff eseirt Mcn response 
tiaes for words, pseudowQtds,* or nonwords, while all other groups 
showed ordered resfjonse tiaes that increased frca words to 
pseudowords to nonwords. These results are tjAken as further evidence 
of the iaportance *of orthographic rj^gularity and phonics in beginning 
reading instru^ion. (Discussion fcllcwing presentation cf the paper 
is included.) (Bl) 
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What Jk) Children Leam" When They Learn to Read? 



Learning to read inVolves the acquisition of a 'few skills specific to 
reading, and the use' of many other abilities that are conrnon .to a variety of 
cognitive processes. Previously-acquired linguistic. and conceptual knotiftedge 
relevant for understareling ofal l^guage and interpreting visual experience 
is also necess-^ry' for reading- Learning toi read largely inrolves the learning 
of a new lonpjage code that is based primarily on spatial relations rather^ 
on. the tenporal relations of the speech code.. Most children in thejwrlnttry 
grades possess the necessary perceptual, linguistic, and conctSptual abilities 
to process some written language, ^iuch of begijmipg^ading instruction ^ 
therefore directed towards 'activities nni^to processing the visual code. 
-Beginning students' of reading m^t-Be taught the Icft-to-right ordering of the 
letters and words in theJ^teScCawi their sometimes arbitrary relationships to " 
spoken. langua^e^^^flttB, the teaching of reading is focused mainly on the 
'acquisiti^iTof basic visual recognition and decoding skills. The. teaching 
'of decoding often involves, drills on specific letter- sound correspondences, 
but teaching methods can differ in the anoitti^ of emphasis placed on more 

general relationships between English orthography and.pihonolo©r. 

• ... ' -t 

The eniJhasis on the relationship between oral and written .anguagc is 

evident in- most if -not all beginning reading programs. . Training in phonics or 

decoding to gouids has been a ftmdamcntaj. part of reading' instruction for 

decades (Chall, f967, this volume; llucy, 1908). Hiis is the case despite the 

fact that decpding is only one method of recognizing words. Rcscarcli has 

indicated^that pKbncmic encoding plays a relatively minor role in r;|pid vbrd 

identification and skilled reading (UcndersorJ in press; Kl«iman, 1975; 
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MassafOy 1975). For the beginning reader, houever, phonics has traditionally' 
been taught in order to enable chilidren to decode anv unfamiliar. printed Work 
into a recognizable approximation of its pronunciation. Yet many coirmon 
English words ;ar<* blatant exceptions to 16tter-sound corres[X)ndencc rules, 
making the need for some sight-ivord recognitiqh inevitable. 

A secoi^ry goal, or at* least a result, of phonics training is to provide 

• • • • ^ 

the beginning reader with some knowledge of the regularities of English 

orthography. Jult^ as English phonology restricts the combinations of phonemes 

• * •• * . 

iirhich can follow one another in words , orthograf^ic rules constrain graphemic. 
constructions. Phonics drills which relate regularly-occurring graphemic * 
and phonemic groi^ings presumably call attention to these regularities and 

• 

thereby help the beginning reader to become familiar with them as general ^ 
IV^Ruistic niles. Knowledge o^ English orthography could therofore come to 
facilitate word recognition regardless of wiiether or not (AuHiemic encoding 
is uied as a route to comprehension in skilled reading (Veiv^zky § Massaro, 
this voltne). 

It is obvious that at least some words, are tecognized by both^^skiUed and^ 
begiiming readers while they are reading a pas^^ge of text. Rapid word iden- 
tification is an effective subskill of reading in that it can free^tentional * 
dcaands from decoding to accessing lexical^ and- semantic information about 
words' stored in memory. In fact, when word recognition becomes an automatic 

process O^Berge Saaiels, 1974), it mij^ht be unnecc^5;ary during reading 

♦ 

to divert attention- from >the processing of meaning to the recognition of in- 
dividual letters and words. TTius we might C]q)cct wprd iccegpitlon skills to 

» * - 

be relatod to reading ability, litis is apparently true for beginning readers, 
research has shown high copelations between word recognition skills 



and other ^asiiws of' reading ability. For sTcillcjl readers, such* as the * 

average college studen^, word recognition has bcconx?' automatic or at least 

rapid enough such that torrelaft^^ons between word processing skills and reading 

• abilities are low (Perfctti Wsgold, this volume). ^ 

^Ihe issue that we wish to raise for the presqnt discussion concerns how 

rapid "word recognition skills develq;j as children Jeam to read. That is, r 

does {^ionics training or other experience, with^itten laiglish fpster the de- 

/• • • ' ' 

velopnent and use of orthographic rules to infer word. structure based on pre- 

lininary and partial visual analyses? Or are common words and' other familiar 

■qrphemic Units recognized as "wholes" in the same way that jingle Jetfers 

are? • These are, of course, questions tha^ concern purely percept u^> aspects » 

of reading.^^P)t-ttrti<^ our discussion to how single words ate recognizqd" 

we nust^^pl^iously ignore'Siany other cognitive and linguistic processes that ^ 

intervene betwaen^^lin^es of text aiid conprehensiom of written language/ 

Rnrther, whether individual fetters or whole words are identified as elements 

of pefc^tual categories in memory probably depends on the 

^ ' r W 

beii^ sought by. the reader. Nevertheless, if rapid wwd r^gnition is the only 
important skill unique to rcadin/l^U/enezky aridl'Massaro claim) , then the 
study of the development of this skill is important for our understanding of 
begipning reading. 'By identifying -i4iat adults recognize wlien they are presented 
with visuat displays containing wrds, we can discoveflihat t<j*try to teach 
children to look for in text. And we might also learn about what they .see 
despite our attempts at i^truction. * ' • 

^ Theories of Word Recognition 

Most thcofics of word recognition begin with a sometimes vag(ic set of 



elementary features as .the iYiitial central representations of visual expcrl- 
dice, rhat is, brightness contours and other information 5uch.as-thc presence! 
of lines, edges, and corners are detected by cplJs in the visual cortex of . 
the brain. Featural information is briefly-held in memory mtil the input 
frcMO succeeding^ eye fixations replaces It. This regisf^rafion of i*\formation 
is assumed to be precarc^orical in the sense that its quality is largely * 
independent of the* type of display jaresented", be it a word, a randan letter 
stringy or any otjier cbnibination of features witK a similar contour density. 
Information in prepercepfiial s^orafje (Massaro, 1975) is then synthesizQ^ or 

*» * A** * 

categorized vritji respect to a set of relevant perceptual categories in memory. 

• *• • 

It is the nature of this categorization process t^at serves to diffeVtntiate 

among theories of Word recognition. ' ' " 

fcsr^dplts aild first grade childre)^.-6aa ea^ly name a letter when it 

is visually presented atone and in a familiar form. ^The assgnpticm is that* 

internal categories exist for the letter^ that are defined in terras of sets, 

of critica! features. Ihese categories allow auditory and visii^ translations 

of the letter codes if the assigviments for visual sh^|^ tcTcer^in sounds 

have been learned. Thus^a visually presented word cai be Quickly converted' 

to a string ^of letter names or their ph(memlc codes by. a literate adult. This 

conversion is an obligator}r route to word recognition in som6 theories^ vrhereas 

others characterize word recognitions a process similar to letter recognition. 

Ihat'^iSy wlien a word i^ viewed , the features in preperceptual storage could 

* • * 

M uscd^to recognize individual lettersmtii the word itself is uniquel/ . 
detehdned. Alternatively, units larger than single letters could be recog- 
nized directly from their visdA featuref, and word recognition could be a 
holistic picocess or one bas^ on recognizing conpommt letter clusters as / 



units. Tfyis distinetion is clearly idlustrated in Neis^ier's .(1967) description* 

of tT\e coinpeting theoretical outlooks as being based on inference or on uniti- 

» • 
zation (see also iJf^dcrson,. in press; Juola, Taylor, t,- pioc, in press; 

Smieh ^ flaviland, lb72; and Smith {; Spoehr> ^0^4). \ 

Inferaice theories (e.g. , Nlassaro; 1975) base wbr<l percept ion upon the 
prior recognition of -.one or note letters. ?tot all letters need to be identified 
befo^ the word can be recognized, hoivcver. The. identification of any letter-* % 
in ait.fnglish word lindts the possible alternatives for wh^ its neighbors 
^ can' be; IMis, the identifJLcation of a^few letters can le^ to word recogaiti^i 
by •facilitating or eliminating the need for sid}sequent letter identification. . 
In this way it is clear- that word recognition could be accon^ilished^by procr. 
essing fewer visual features than would be' necessar>' if each -letter had to 
be^dentified independently: Inferential processes could also operate in 
decoding. The identification of a few letter sounds could be used to gqnerate ' 
the entire phonemic code tff the word, on at least a recognizable approximtion 
to its i^nnal 'sound pattern. . * . 

Uiitization theories (e.g.. Smith, 1971), on the other hand, do.not mair\- 
tain that word recognition is necessarily based on the prior identification 
of letters or spptdh sounds. Rather, as the visual features and their respec- 
tive locations are processed, competing word altemativcs arc eliminated. In . 

* ^ * 

this process, some letters in the word might be identified incidentally, Inif 
^hey do not contributeito word recognition unlesff the *<ord is not rccouni:;ihIc . 
as a sight-word unit. Hypothc:>izcd iH?rccptual units have included" letters, 
MOTds, and familiar let^gr clusters such as spcUirifc pattefhs whrich could 
lll be recognized directly from their visual features (JuOla, Ta)aor, Q Qioe, 
in prbss^ Tlylop, Miller, Q Juola, 1976). . 

. i 
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Distinctions between inference and unitization flieprics arc often difficult 
to make in practic^, however; for cxan|)lc, words can sonx^timcs l>e identiricd 
under impoverished visual conditions that would preclude identification- of any 
individual letter (Huey, 4908). '.This result is often uscd.as evidence that ' 
Mord9 are perceived as whales without depending on prior letter ideht[fi\:atiQn 
^processes.' JiMever, even if no letter is seen tleay^ enough tp be rccjgnizeil, 
the available information mi^t be sufficient to limit the ix>ssible alternative 
to only a fft* at eath position. "Hie limitations on the letter alternatives, 
could be used in conjunctio|i with knowledge- of^ orthographic structure to » 
idoitify the .ward. TJiere ar©^ other conplicotions in trying to decidJ between 

» - 

trte the6ries. For example, 'advocates of the unitization vi^ oftcit claim, that 
word perception can be either on letters or on higher-order itfilt» depen- 

dii^ on'tdiat^the s'ubjQct's expecftancy or processing strate^ is. nius ^ letter^ 
byr letter ipodel could be supported 6y the data from a given, experiment. " * 
^involviifg word.displa^ if the task can be 'performed mo^ efficiently by ^ . 
using a letter regcognition strategy than by first idcmtifying the overall pattern 
md then checking to determine what its. co^xment^tteHTare^ (Bjork ^ Estes, 
1973f Estcs, 1975; 'festes/^Bjork. -6 Sfcaar'./l974; Massaro, 1973; "nKxmson Q 
Nk^td, 1973, Exp. II). Gki th^ other hand, if the task encotlr^ges recognizing 
the entire display, it migftt appear Uo be thl^casc that Icttors^are actually 
leen better when presented in 4 familiar (word) context tJj^siTr'fthen presented 
"in an tl^ifaailiar string of letters (^la^ dioe, Q icdvitt, ^974). 

In the next section itc review some studies of the ppi^ccption of w^ds and 
other lettct strings |hat have been used in tfcc past to su|iporf one ar another 
Of t6e thcoreticsl positions* Nhi^ we do not think that the tine has cone for 
i tal dispcnsati^, with regard to the in^rcnce versus uniti|ation issue, wq 



•do feel that a mo^el based exclusively on letter identification and ortho- 
graphic knowledge is inadci{uatc to explain rapid word identification and • 
skiljed reading.* It renaios to be determined if either in fcFcnce or unitizn- 

tiop theories can provide an adequate description of developmental cKaiigcs in 

^ ■ V ' * • 

children's word recognition processes as they learn "to read. 

• • • • 

3he Mbrd Superiority Effect 

. There are naxiy experimental tasks whidi show advantages, for comnon words 
oyer letter strings that are not familiar, orthographicall/ regular, or Meaning- 
ful in any way. Soae of these tasks confound perceptual as well as weasry atid 
xespoise processes thereby concealing the source of word advantages (see Henderson, 

in inr^; Smth % Spoehr. 1^74). it is now generally acceptM that Reicher's 

\ ' . ' ■ • 

(1969) procedure eliauiSted enough of the artifactual causes of word siqieriority 

^ects to allow "tKe conclusion thact a- word advantage exists in perc^ual 

reco^dtioi processes. .Reicter- specified two letter alternatives either 

' aeidiately before or soon after a brief visual display tl^^t contained one of 

the letters. The' display types consisted ctf four- letter words, -anagrams of 

the words .".or suigle letters onfy. The sofjects were more accurate in picking 

the correct lettef alternative when it was included ilh a word display than when" 

It mincluded in at nonsense ^tring of letters or 'presented alone. ' (Our 

^discussion of the wofd superiority effect will henceforth be limited to com- 

B9ris<ms between the perception of words and the perception of rocaninsloss 

letter striims.) , 

i 

Reicher's fesults appear to support the unitization tlicory since, wlwn 
»*»rd» were dispUycd, each of .thp two letter alternatives formed- a connioii wrd 
lAeii incluftd in the appropriate display posiJtion. The effects of orthographic 
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jedundancy should then have been cmtrolled for and eliminated as a possible 

cattle of the word advantage over nomcords. However, Massaro (1975) has argued 

that redundancy can still play a role in thfr Reicber task'if the' subjects 

attenpt to synthesize a word from letter and featiiral information bcford the 

two response alternatives are- considered. In this case partial information 
♦ ^ * * " * • • 

about the critical letter could be used to assist the kynthesis of the 

a^ually-^esented word oh word trials, thus insuring a correct response. On 

nonword trials, however, this attempted -synthes Is ^would fail or drrtver at a 

/i#ord that was not actually presented. In most cases thq sid)ject would then 

0 ' ' ' *■ 

be left with two alternatives l>etween wliich to choose, and neither might match * 
any letter^ that had been identified. Because pf the greater potential for * 
failure in the synthesis process on nonword trials, the probability. of a correct 
response woulcf be less than when words were presented. . , * 

Recognition /experinents similar to Reicher's- (1969) have been used to^ 



deimstrate that letters are inore perceptible ulien they are inclined in ortho- . 
graphically regular and pronounceable pseudcNords than when they at^ part of 
kn irregular string (Ademan % Smith, 1971; Ba^cn ^ Thurston, 1973). Ohe can 
Wderstand how pseudowqrds could be mre perceptible than irregular nonwords 
fiXM either an inference or a unitization point of view. Pseudowt>rds could be 
processed wore efficiently because their Regular orthographic structure facili- 
tat«s tetter identiiFicatioii. However, pseudowords contain letter clusters 
which 4r^ familiar cooponents of ccpoon words, and these units might be reccgnirc< 
directly frop^heir visual features. In eithci;-case, the use of redundancy could 
operate at the featural level, basing identification of the entire display on - 
tmsi features thqn those necessary to identify all of the cdmpmcnt IctteA 
If tiMjf iiere to be considered separately. 
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We have reported Ihc results of several^ experiments designed tc test 
infercince and unitization hypotheses in a task likd^Relcher's. In one stilly 
(Jtiola^ Leavitty ^ Choc, 1974), the displays included connon. words and ortho- 
graphically: regular pseudowords., Leljter alternatives i/ere specified pither 
in advance or after the display as iii Reichcr's study. In both conditioi^, 
letters were shoi^ to be iflore perceptible in vords'than in fte'eudowords. 
Although the pseudoword/i^word* difference discussed earlier is consistent with 
eith^ an inference or unitizatidh theory, an.a&ditional perceptual advantage - 
""im words is consistent only trith the unitizaticm view. This is inder the 
assunption diat'the pseudoMords have^in fact been equated with the words in 
terwfi of ort;hi%raphic structure. ' In the abseflce of wy agreed-i^xm and 
general set of rules for determining the degree of ot^graphic regularity 
.in letter strings, this last asstrapticm cannot be validated (Veneiky ^ Massaro, 
•thii volume). ^ 



, It diodLd be noted that there 'are e3q?eiriments similar to Reicher's *Ai<A - 

£ail 'to show word si;q;)eriority effects. Ihese studies have typically involved 

' ' * ^ «^ 

practice witfi a fixed and small set of letter alternatives 'as well as, sometimes, 

\ ' "' ' ' ! ' V , • 
specific .knbwledge about the reiatii^e position of the critical letter in the 

display (Bjork § Estcs, 1973; Estes, Bjork, 6 Skaar, 1974; Massaro, 1973; 

thonpson Q.Massaro, 1973T. We argue that this variant of tite Rsidicr ^irocedurc 

disruptS'the normal strategy of attenpting td recognize the display before 

considering the response alternatives. Rather, practice with a specific set 

of letter altemativc;^ encourages. a letter*processing strategy that results in 

the d^use of orthograjihic information or perceptual tmits larger than single 

letters. For these reason^, wc have palled e)q)erinents using d fixed set of 

target letters for a series of displays dctectien tasks to distinguish tliem . 
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from recognition .tasks of the Rqichcr typcL Consistent witl^ t)us dichotomy, 
Juolti; Choc, and leavitt (1974) dcnonstraticd that the visiuH similarity between, 
two target letters has no effect on rcc9gni,ti6n pci^formance , but greater simi- 
larity produces poorer pcrCcn:uncc in detby^ion (sec qlso Tnoi^json U Massaro, 1975J. 

'This discussion of the word superiority effect has been/limited to a consid- 
eration'of data and theories relevant to perceptual recognition tasks. There 
are a numbor of other experimental procedures- that have also been used to 
demonstrate ^idvantages for words in perception, and some of these might prove 
to be more practical in experimental worKwitK children.. For instance, a task 
involving search for a given letter in a display containing several letters 
can be performed by children who have not y^t learned the uames of the letters. 
The use of t!his t>pe of search task also allows for the stu4y of peiceptual ' , 
processes involved in recognizing/ the display information and subsequent com- ^ 
parison processes operating between the target letter and the encoded display 

* * 

^ inforaation after it has been recognized. Finally;, this procedure eliminates ^ 
nany of the motivational problems that can ?>rise»for subjects (especially children) 
who are continuallr-confronted with brief displays that are difficult to identify. . 

In the remainder of this paper we will discuss' some earlier results from 
visual search tasks that "have been designed ,to study developmental processe^ 



related to reading ability. We will then cdnsider the data f torn a stu^y of , / 
t*" . ' ^ j 

visual search recently completed in pur. labjiratory.' The. results are relevant 

to^the -issues of how .ahildrQit Iqarft to reQjg^ise^ords rapidly and how they conc; 

» ■ • . ' ■ ' o . • - - - \^ / 

to -process words in memory after they'Jwvc been rec<J^izcd. • & ' 



♦ 



> Visual Sd/rch ! , i- 



Visual search tasks are of two gcne/al types; one involves large displaj^s 



or long. lists of iteiijs that must be searched using several eye fixations (e.g.', 
Neisser, 1963), and the other involves the presentation of a small amount of 
information to central. vision such that it can be processed during a single 
eye fixation v'c.g/, AtkinsQa^ Holmgren, § JuolSi 1969). Krueger (1970a, b) 
has' shoiwn that, a single target I'" n be fi)ui^ faster in. both' kinds of 
search tasks if ivords ratter thcui -iprondonceahle nomvords ar« used. Krueger 
concluded from; his research that fr.mil iai: and highly redundant words are encoded 
-nore rapidly than* irregular nonwords, but' subsequent comparison processes are 
largely. tbe same for the two types of displays. We tested this conclusion^ 
directly, by presenting visual displays containing from three to five letters 
that jjpere either common words, or orthographical ly regu ir ajid pronounceable 
pscudorords (Gilford. § Juola. 1976). A different target letter was specified 
on each trial, and it was included in the display on half the jtr'ials (positive 
response required) aw^ it was abs^t on the other half (negative response 
.re<lMired). In this task errors wcYc relatively infrequent and tlic relevant 
data are response latencies .. Consistent with earlier findings (Atkinson et 
al.; 1969), response times increased linearly with the nianber of display 
letters. The'slopes of tKe' best-'^tting linear equations were equivalent for 
positive and hegatVjjT trials, and they were also equal for word and pscudoword 
displays. However^ the overall response time was aboui;40. milliseconds faster 
fo* Mords than for pseudowords. 

In order to interpret these results it is first ncccssar>- to develop a 
liodeJ ildr visual search involving the information available in fovcal vision. 
We assune that when' a single target letter is presented, it is held in menioiy 
as • idsual code. (It is possible, as ijownsend and Roos, 1975, have nrgucd, 
lliat thie tar]!et ijittcr is hcid in either an auditory Qr a visual form in 
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prejiaration for s^ibscqucnt processes which can be based on either type of codcf 

.We argue, however; that this type of search task is based on visual codes, 

• < * ^ 

and we will sqpport ouf argument with data that are discussed later.) IVhen 

th6 visual display is presente<^, it is'ericoded into a foKpi compatible with the 

ft ' * ' * 

target item. The target letter is then exhaustively compared with each of the 

y.' • • / 

items in the display before a decision to make a positive or negative re9tx)nse 

■> '■ 

is made. The, interpretation that the comparison process is exhaustive ^s rcc^uired 
by the/r^ult that response^ times increase at the same rate for positive and 
.negative trials. A search that terminated with the finding of the target on 
^ / positive trials would produce a function tliat increased half as rapidly 
across display size as that for negative trials (Sternberg, 1966). The'inter- 
pretation*of the oVefall wovd-pseudoword difference would be that words are 
encoded more rapidly than pseudowords, perha|is by being recognized more ofter^^ 

as single un|its. .Once encoding is conplete, htxyever, the quality <5i the 

^ « If 

encoded letter string is equivalent for words anfd pseudowords. Hiis cohclu$^n 
is based i^nm the finding of equivalent slopes of t}^ functions relating mean^ 
response tiioes to mmber of display letters 'for words, and pseudowords. Accor- 
ding to the inDdet, these slopes are estimates of the letter comparison times, 
and their equivalence for words and pseudowords indicate that the comparison 

# ! 

I^pcess is the sanie for both types of displays. 

The model can be summarized by representing the processes that occur i 
between display onset and response output as a series of independent stages 
(see Sternberg, 1975). These Include displa/ encoding^ Itftter-eoBfKicison, re- 
aponsQ decision, and response executim. The overall. mean response time is 
assuMsd to be equal to the sum of t)ie mean execution times for each of the 
stipes. Note that wo are assuming that the comparison stago^ is; tlic only one 
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affected by the nurrib^r of display letters. Although w could assume that the 
^ encoding process takes longer when a larger number of letters is present in the 
•display, we' then would have expected different results. .\ny process that 
changes as a function pf display size should result in changes inSfee slope of 
the function relating ftesponse time to the nuwiber of display lexers. If words 
tend to be perceived as units and ..pseydowords as several spelling patterns or 
individual letters, and if encoding time depends on the .nui*er of units being 
recoghizcd, then the slope should have been less for words than for pseudov«)rd 
displays. This was not the case in the Gilford and Juola data, and.oui^asst«n>- 
tion that encoding time is a constant for from ones to about five unrelated 
letters presented foveally is supported by other arguments CMassaro,^ a97S; 
-Shiffrin § Gardner/ 1972). ... V 

In the next section we describe the results of a visual' search experiment 
that was designed to answer several questions. First, th^ model described above 
ws to be tested using word, p»seudoword, and nonword displays. By sanpling a - 
wide range of materials that vary in their structural similarity to words as 
tlill as in their familiarity, die can more adequately test the inference and 
uiitization theories of^wrd perception. We can also more closely assess 
**»ether recognition or visual scanning processes are affected by these variables. 
Second, these methods were extended to the study of visual search in dirWren 
at different ages and lev61s of reading instruction. This allowed us to deter- 
■ine the effects of learning to road on perceptual encoding and letter qom- 
parison proqesses. The aim is to gain more evidence foi; how words arc perceived 
and how changes that accompany learning to read affect visual processing » 
capabilities and strategies. 
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A Developmental Study of Visual Search 



There are several published studies of visi^l search performance in 
children. For exanplc, Krueger, Keen, and Rubtevich (1974) conqjarcd letter 
search performance in college students and fourth grade children using displays 
of six- letter vxmi^, ps(?uddWords , and ncmwofds. AlthouRh the adults wprc about 
twice as fast ovepall as the children subjfects, both groups showed about the 
same amount of facilitation for words ov^r pseudowords (about 3%) and for words 
over nonwords (about 9%). Krueger et al. also found that children with better 
reading skills tended to Search faster, but that reading ability was not, re- 
lated to the relative differences between words, pseudowords, and nonwords. In 
a similar study, Katz and Wicklund (1972-) presented single-letter targets and 
visual displays of-'bne, two, or four inrelated letters to second and sixth-grade 
children., ".hey reported that "Overall search t line as well as the increase in 
search time across display size were both greater for spcond-grade than for 
sixtl^l^e children. They reported no reading-ability effects on search per- 
fonpnce and concluded (as Perfet^i and Lesgold, this volume, have f<Jr aAilt 

subjects) that, reading ability is related, only to visU^il informatioi processing 

• ) 

skills that exceed the span of apprehension. 

Our research kas desipijd to extend these result* b/ covarying display size 
and display regularity vithin subjects, niis procedure Should allow us to 
localize the* processing stage or stages affected by differences between words, . 

pseudowords, and nonwords. We also recognize tfie ncc^ity to investigate 

■ / ' 

KOnl Iproccssing skills in younger children, in order tt> study the ch:inges that - 
cqsar in word perception as children learn to read, finally, we want to 

■or^ .closely the relationship between reading ability and visual sea 
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(Xir ejqjerimcnt was' carried out using identical sets of. materials and^^toBp- 

dures for groups of college students, fourth grade, second VaJc, and kinder- 

garten childroi. Each group contained 20 individual siiijects who were rtn in 

two or three separat»s^8StiQ«K. The task sequence consisted of a 1.^ second • 

prescntati(^nof a sdijgle ta^et *2tter followed by a visual masking field 

for .5 sechfjdk. vAxij^vas followed by a 3-, 4-, or S-letter display. The 'display 

contained the' t^*^t letter on hal^ the trials. The subjects indicated whether 
%. * 

tne target was present or absent in the display by pres,sing either of two 
response buttons. Botji speed and accuracy of responses were emphasized in t|)e 
instructions. All subjects were nm for 270 triali^volving one trial for 
each of, the.stinili shown in Table 1. 

■\ . ■ -. 

* Insert fable ^ kbaait here 



. . The stiniii wre selected, from Kucera and Francis (1967) such that (a) all 
words were anxmg the most frequently-occuridng words in English (averaging about 
27S occurrences per million words), (b) mean frequency was approximately equated 
across 3-,4-,and 5-letter ^rds, (c) all words contained one syllable, and 
(d) no letters were repeated within any word. The pseudowords and nonwords 
were formed by making pnmounceable and unpronounceable anagrams of the words, 
although for about 11% of the stimuli a single letter in the. word had to be 
dianged in prder to form an acceptable j^seudoword or nonword anagram. The 
orthographic regularity and pronounccability of tl»e pseudowords was af firmed 
(and necessary changed niad^) by ^ive independent .judges. They also certified 
the general. unpr^novncea^lity of the irregular nonwords. 

. The stimuli were typed in lower case letters and pKatocnlarged so that 
they could be seen clearly and in about their normal rcadiiig sflze wlien presented 

r . * / . ^- 

' . . ■ ■••17 I • . 
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in a tachistoscope. (A fi{rc-lettcr .word subtended a horizontal visual angle of 

s^KHJt l.S degrees.) The assignments of target letters tcJ the stinuAi were 

Bade for two different stimulus sets such that each display was used equally 

often on positive and, negative trials witfiin ea^i^^girpup of subjects, and, on 

positive trials y the target letter appeared about equally often in each serial 

position of the display. The college student su'bjects were volunteers who 

« 

participated in the experiment for coutse credit in an introductory psychology 
course at the Uiiversity of Kansas. Ihe children were recruited from local 

^public schools. At the end of two or three experimental sessions the children 
were tested with the ox^l reading part of the Wide Range i\chievement, Test 

\ (lijRAT) and were p^d $3. 00 for their participation. 

The results 'will be presented in two parts, the* first is concerned Vith the 
overall visual seaj^ch data and the second is cfincemed with the effects of 
display type. Figure 1 presents mean ^response times for {tositive and negative 

responses separately for eaai group of subjects. Both overall search time and 

e 

search speed (as measured by the slopes of the best-fitting lines) decrease 

with age. FMrther^ there is an apparent shift ih processing strategy from ^ 

]dndoi^£arten siAjects'.to older subjects. Whereas the slopes of the functions 

for positi^^^^and negative responses are about equal for a/^lts (being about ^ 

25 Milliseconds per letter and 28 milliseconds per letter, respectively), the 

positive slop^ for kindergarten children (172 milliseconds per letter) is about 
^ • ^ , 

half the negative slope (331 millis(x:<^s per letter). The two-to-bnc ratio 
of negative to positive slopes is >Aiat would be expected^ if 'a self- terminating 
scardk process were used. In this o^e, on the aVerage positive trinronly 
•■boiit half of the displaf letters would need to be scanned before the target 
would be fouul and the proificss terminated. The reUtivel)r slow search rate . 
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of kindergarten subjpas is also ij^nsistent with a search strategy baaed on 
auditory codes. - That is, it i^^w^ble that ,t 



,the kindergarten subjects^4G^ 



ce^sively' nambd each display letter and made a positive respon!5e as soon 'a*i this 
name matched that of the target letter. The results for children in the second 
and fourth' grades were more consistent with the adult data. For these siib- 
jects, the*con9)arison process can bo more adequately described as ^ rapid ^ 
eiitaustive scan of the target letter against all of the display letters before 
a ra»x>nse is made. 



V 1 



' Insert Figure 1 about here l X 

— V • • 

The data in j'igure 1 combine mean resi»nse times for wards, pseudowords, 
JUKI nonv^rds. The effects of display type did not interact with the nurber of 
display letters. Ihat is, the results replicated and extended our earlier 
bindings (Gilford § Juola, 197^) indicating that the search process is the sane 
words, regular pseudowords^ and irregular hbnwords< Ife cohqlude that thi^ 
search process is based on a visual image of the display that doeA not vary in 

\ * , \ 

\ • ' « 

quality for the various types of letter strings. There iirere significant 
differences between the overall response tiincs for the three display ^typer,~1>ut 
these effects did not interact with response type nor wi,th the number of display 
letters. Therefore, the- data were^colla^SCd'<>4Q[;t]^ all variables except for 
display type and age, and these results ar# shown in TablQ 2. 



Insert Table 2 about here 



A^^iht as can be seen in Table 2| the pd^tem of results obtained for* 
kintergarten subjects was diffcrmt from that obtained far the other ^groups of ^ 

t • r / » 
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subjects. No significant differences amoivg the mean rcsp6nsc times for words, 
pseudowords, aiid ncmwar^s^cre found. ^or kindergarten' diildfcn. All othcr 
gfoups showed the same ordcnag of response times with words resulting in 
fasWr responses than pseudoworc[s"\»iiich i^ turn produced faster re$poft*e than 
nrawords?^ Although the main effect of display, ^}a)e was statistically signi- 
ficant.foj second grade, fourth grade, and college subjects, the word-pseudoh,x)rd 
difference wa]?nbt significant within any grotp. 

Ihese results stand in apparent, contrast to ^Hose reported by Gilford , 
and Jijola (1976) in which a Yeliable 40-millisecond a^antage .for words over 
^sc^idowords was found. They used a search task involAning similar materials 
,aiid*procedures with two exceptions: (a) The displays were 50^ smaller than those 
used in the present study, ifwe smaller displays Were'^someirfiat morfe difficalt 
to see. and i£ Individual letters had been -pres^ted .they would have been 
recognizable oifly by subjects ^ith normal or bett-^r acuitjl^. (b) Only words 
and pseudow rds were presented^ thus words occurred on 50^ of the trialSj^ versus 



»t in the preUnt study. Either or both 'of these factors could have reduced 
the ■agni.tude of the word advantage in the data reported in Table 2 by lessening 
the subjects' 'reli^ance on a whole-jword pipcessing strategy (see alscf^Aderman 
% Sadth, 1971; Jiiola, Taylor^ S C3ioe, in press; Manelis, 1974). 

The aew' error rates across all conditions decreased wi^ age, from 9.9t 
for kindergarten children ^o 5<7%, 3i3*, and 2.6* for second grade", fourth 

# 

grade, and college students, respectively.. Altho*^ the error percentages 
shiMed a slight increase asi the nunbsr of display letters increase, the type 
,of di^lax (word, pscudowocd, or nonword) had significant effect on the 
mor mte. these results hlow the rcspdnse tin© data to be interpreted 
diivctlr* without. attein»ting to account ¥or speed-accuracy tradeoffs withlitMfiy* 
of siAjiects. 
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^ Finally, there were nO consistent relationships bctuecn reading ability . 

as measured by the h'RM and any the results reported here. A few reliable v 

. • ' • ■ ' ■ ) 

correlations were found between reading level apd overall' response time, 

scanning rate, and word-pseudoivord-nonword differences, but the pattern of 

''resultsoos inconsistent across grade levels. Uiless we can find anothd^ ' 

neasure of reading ^kill that leads 'to a reliable pattern /)f results, we will 

J>e forced to agree with Krueger et ai. (1974) and Katz and Wickluid (1972) 

that word processing skills as measured in visual search tasks are not closely 

related to reading ability. 




SuHftary and Conclusion^ 

* * ' 

The. fact that words &re more perbsfjtibl^ 

has been demonstrated in many experiments (sec reviews ?ijy Henderson, in press; 

f r ftiey, 1908; Juola. Taylor, § Oioe, in press; Smith 5 SpoehK 1974). Jford 

' ■ • ' .. - . f .-- — 

^ superiority effects in perception l^e been interpreted within two theoretical . 

^^'^ fraaeiworlcs. Oie theory assumed that -\ptters are the prinaiy tnits of Wcogniti^ 

^ inforencc^ ^sed on orthogr^hic ^knowledge enable word and mrdlike letter 

' J \ strings to be recognized more efficiently than strings that violate rules of 

•. ^glish orthograirfiy. A second .theory assunes that frequently-occurring letter 

clusters such as spelling patterns and common words are learned as petceptubi 

init^ through reading experience. These higher-order uiits are then capable 

^ being recognized directly from tfieir primitive visual features, without 

necessitatin^^prior letter identification. Although several recent expcrincnts 

.have been specifically designed to settle the inference versus uiitization 

issue (e.g., Juola, Oioc, & Leavitt, 1974; anith Q HaviliBki, 1972; Thompson 

I Aissan)^ 1973), If' is unlikely ^t we will be able to eliminate one or the 
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Other of these theoricsJ givc^n our presdnt^Mprthods. Altiwr «frrfu?ulty lies iiT^ 
developing a measure of regularity for orthographic structure along vAiich 
Ijoth words and pseudowords can be sc^ledVy In the absence of an adequate 
Beasure» word advantages over pseudowords In perception experiments can be 

y . " r • 

accointed tor by either theory. ^ • " ^ 

With these theoretical problems \in mind, we decided* to studv the deirelfij)- * 

nent of woiB superiority effects by using a letter search task. Finding a 

given target letter in a visual display -containing several letters is a task - 

which can be performed by children who have not yet learned to rcad.^ By exara- - 

ining search performance in children in several primary grades, we hoped to 

learn^bout changes in visual information pixicessin^ capabilities that accom- 

pai^ learning to read. If wor<^^ superiority effects in^[^^ception develop due 

) to learning orthographic rules or to internalizing spelling pattern and largeij^ 

tnits, then- teaching jKthods could be designed to facilitate the acquisition 

» ^ — — 

.and use 6i perceptual strategieg^typically eoployed*by children in recognizing 

MDTdS. 

^ Our, results hav^-^hown that diildren at least as ywng as those in the 
second grade can use their knowledge about English tmrds'to speed visual search 
perfbraanwe. That is, decisions about whether or not a, giveh^ targeif letter is 
present in>B three- to five- letter display were made wore rapidly for words 
and orthogrpahically regular pseudowords than Tor irrcpidar nonwords. The , ad- 
vmtage for words and pseudowords (fver nonwords appears to b* local i red in 

recognition processes, since search rates did not differ for the three typc^ of 

J * 
diH>UX^« TlKS lack of a significant difference between pcrfomince for words . 

end pseudoMJTUs would seen ^o indicate that either inference kised on .knowleJ: 



of Engliih orthogiiaphyr or the use' of spelling patterns as jicrceptuil imitr is^ 
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the key to the word identification process. 

^^_^r_r^lllts luve shown, that jna^ in visual search performfirice 

acco^iany learning to read during the first years in uliich the skill is acquired. 

In contrast to the second grade and dider subj^t groups, whose scarph ibta 

"are aore similar than different, the kinderga^ten•^children show an entirely. 

different patteni'of results.* First, their search rates were much slower tlian 

tlidfte for older children and adults, and Could conceivably have been bas^ on ' 

auditory enCCklings of the letters rather than on visual codes. Second, the 

search process for kindergarten diildren terminated with the finding of a 

Mtch with the ts^r^et letter, idiereas subjects in all ot^.^j^^fs vere apparaitly 

■ore -likely to.usf wi exhaustive seaming process. Finally, the kindergarten 

sii>jects showed no differences between wcgnd^ pseudoword, and noqKord displays, 

iting that tl^ were 4^1 proq^ssed in an identical letter-tfy- letter fashion. 

In contrast, secqnd and fourth grade children and a^ts showed sim^lkr effects- 

♦ - f. r ■ / ' * • * ' . ■ 

for displays with regular snelling patterns versus those that were irregular. ' 

I&t is, aU. subjecbi^^a^ for thme in the kindergarten group responded 

■ore ^apid^y idien words or pseuddwords %«ere presented than trfieh mmword^ were - 

di^l^wi. Hie conclude tiiat these differences between' kindergarten children , 

and those in the. second grade and beyond are not due^as Much to maturation and 

faneral learning experience as to specific skills acquired during reading and 

readily instruction. « 

Ihe^ladLof any correlation beti#een reading level and visual search per- 

fonittice is soacwhat surprising to us despite the equivocal evidence presented 

aarlicr (Katz « Wicklind, 1972; Kruegor, Keen, U Rublcvich, 1974; Pcrfctti n 

Lesfold, this voline). Ne are no( ready to give up on thfs issue, hoiifcvcr, as 

■ajor changes in visual search per foraance^'appear to occur 'quite rapidly; our 
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* 

data sh<Hno effects of 'ortKograpfuc rcgula];ity in kindergarten childwsri, ycj^ 

the complete pattern of 'results, observable ' in the adult da^a was al.so obtained 

for- second grade children. We'jbelieve that; a closer invest i gat ioii of the tc-' 

lationshii^. botween readtng ability.' and- visual search '^lerforniSnce should be v * 

Bade at the first grade level— whefn changes in visual scanning strategifes anS 

* ^ • ' * . ' . . . ^ •■- 

the use of redundancy -in English words^shcbld fir?t occiir. This approach 

should be fruitful in using visual s^earch tasks to n^asure changes in! perceptual 

processes that parallel developments in reading ability. ' 

Finally,, we are in general agreement with Venezky Jnd Nfassarojs (this 

vo^uk) disa^sion>of the best-kept secret in reading instruction. Plionics 

"... ^ , ' ... 

training apparently hap more long-range benefits ^han the- development of 

decoding skills. Researchers from Huey (1908) to Kleinan (197S) have argued* 
.thatVas reading skills increase, -.reliance on phonemic encoding plays a lesser, 
lolc in word recognition, and the process 1)eComes more dependent on purely 
;Vi^l codes. This is not to deny that phonics training is inportant as an aid 
'in decoding when visual recognitibn fa^ls. We also recognize the feet that 
phonemic or aore g^ral auditory code^ are inqrartant in reading in order to 
retain and coBprch^nd the infdniati<8i gained from several eye fixation^ (as 
Miex 9nd neinan have also claiine4). Nevertheless, the> route to rapid word 
iteitificatitm' and skij^led rcafiing depends on the development of visual 
processing skU^s tha;^ lake use of orthpgraphic regularitics or the direct 
rwogpiition of freqi|cntly-dccufring letter clusters and words. If t!his !s the 

^ learned, then perhaps phonics 
triiiiii« sbould specificjilly include emphasis on the regularities in I^glish 
wthograiJhy. aaterials nonnally used to tedch decoding could then be de- 
fl#0d to laplllute aeqttisition of rapid word rccopiition skills that are 
l^p9rNttt ^ reading for csi|>rehensidn 



Footnotes . ' , 
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List of stimulus materials used in the visual search experiment 

- WOW)S " • r 



^Three- Letter 
act 
air 
ask 
big 
bit 
- boy 
car 
cut 
iax 
few 



hit 
how 

led 
low 



nor 
{Old 
put 



Four Letter 

best 
, bqm 

both 
? come 

fear 

game 

girl 

gone 

head 

heat ' 

hour 

just 

king 

lead 

l^ft 

line 

near 

pain 
• rate 

rest 

rise 

toad 

shot - 



Five Letter 

board 

break 

chief 

claim 

clear 

earth 

^ faith 

field 

foms 

great 
■ 

heard 
horse- 
'house 
' large 

ll^pplth 

■ night 
plant 
quite 
^ short 
shown 
si^ht 
^ sound 
south 
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Threte Letters 
run 
sat 
" sea 
son 
sun 
two 



Table 1 (continued) 
WORDS 
Four Lette rs 
step 
take 
town 
true 
turn 
west * 



Five Letters 
• stage 
think 
third 
those 
trade 
young 





laDie X \coni.inucuj 










Three Letter 


rOUr LeLiQr 






%teb 


droab 


ain 


Dron 




S3K 






gib 


DK>ce 

/ 

rate 




tlD 




yoD 


meag 


tliaTP 


rac 


gril 


thnif 


tuc 


noge 


flide 


Tat 


^ JHHIC 


morfs 


wet 




trase 


gos 


bour 




nug 


pust 




Ctlt 


glnK 




Own 




ffrale 


won 


xjiew 


nonth 


poo 


. lein 




yek 


rane 


orient 


eld 


naip 




ml 


taer 


kruSkii 


IIQi 


* 


f 


orn 


sier . 


thigs 




— doar 


douns 


tun 


tosh 


nouth 


tor 


^ ton 


skapc 
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Three Letter 
nur 
tas 
ase 
nos 
nus 
wot 



Table 1 (continued) 

PSEUIXXVORDS . 
- Four Letter 
spet 
tade 
nowt 
rute 
trun 

roest • 



Five Letter 



geast 




29 
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Three Letter 
tea 

it 

ksa 

fitb 
yad) 
rco 
ctu 
rfa 
«fe 
- sga 
ugn , 
Kti 
Kto 
hwo 
bjo 
kse 
Idc 
wlo 

• 

cin 

ttto 
Uo 
pttt 



Table 1 (continued) 

' Four Letter 
tbes 
bnor 
btoh 
mcoe 

rfea • 



rlig 
ngeo 
Idea 

0 

htea 

hrou 

jtus 

ngki 

dlea 

ftel 

Inei 

nrea 

aipn 

rtca 

rtcs 

riic 

rdoa 

htos 

otsr 



Five Letter 
rbdoa 
krbea 
Veih 
Ionia 
liaec 
htrae 

• 

tfiah 
dleif 
sfmor 
rtaeg 
rdhea 
hrsoe 
hseou 
Tgeal 
tnonih 
tgihn 
tpaln 
qteiu 
rsoht 
mohs 
htigs 
dsuon 
htsuo 
ksacp- 
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Three Letter 
nru 
tsa 
csa 
nso 
\nsu 
wto 



Table 1 (continued) 
NONMORDS 
Four Letter 
tpcs 
tkea 
nwot 

ntur 
wtes 



Five Letter 
gsact 

• tknih 
hdtir 
htsoe 
tdaer 
ngyou 



* 1 
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Table 2 



i 



Mean response times (in milliseconds) for letter search in visuSal 
' displays of words , pseudowords, and nonwords 







Di^lay Type 






Wonls 


Psoidowords 


Nonvords^ 


College Students 


543 


' 553 


* 

568 


Fourth &ade Students 


933 


94S 


• 967 


Second Grade Students 


1,258 


1,266 


1»'301 


Kindergarten Students 


I 2,128 


2,112 


2,104 
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Figure Caption 

Figure 1. Mean response ^times for positive and negative responses 

"plotted as functions of the number of display letters for kindergarten, 

• ^ * 

second grade, fourth grade, and college students. 
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O^N DISCUSSION OP JUOU PRESENTATION 



CLAY: Do you have any Infbmation on the letter Ibowledge skills of the 
kindergarten chlldrerf? Had they already acquired letter knowledge? 

JQOU: He gave tbea all the Hide Range Achievement Test. In fact, all of the 
kindergarten .children in our sample were able to name the letters^ and 1 think 
tteir mean reading level score on the Uide Range Achievement l^Mt was 1.5« That 
might be a i^oblcm in our sample. ^ 

. He are 3ayii« thAt second-grade children show aa much^ 'use of ortHpgraphic 
redundancy t br.ume of familiar la^er imits as adults. Our secoDd*grade ^hililren 
test at about the fourtb-grade level of reading. So we have all the more reason 
tef use these procedures to work with ^irst^-gradSt beginning treading children. In 
fact, ^we ire doing that; we ^ust haven't completed our research. 

GLAI: In Jtew Zemlaodt children, go straight intp reading words in context , 
Imwralim tb«lr latters in context, so ve did find thl&^ndergarton/flrst^ade 
diffar^BDOO fou Mould '^expoot to find; botravor, on test uterials of 
ttodmrgmrten children in the SUtes^ I find that they have this knowledge 

bffM^ ttey atar^ the other > viaua^ acinnipg learning.' ^ 

t ^ • 

I. , maXBt ' Ytftt Mid tliat the daU for the ||tndergsrten kids suegest that tliey 
M Willi tfoM IdLod of plionetio or aooustio representation. Have you exaained 



tbs ehm iHey aaka? Mieii >Ott tive .tbea • ^rget letter thst is not oontsined 
ift l(bt dUplayg for exanple, are tbey/aore Ulply to say*lUt the target 



itmm ftif MMstleally uia^Ur te.aoaetiiiiit that is in tbe display? 
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JUOLA: He do have the trial stimuli and errors, but. we haven't analyzed them. 

I stated that it looked as if auditory cooparisons could be going on, due to 
the fact that the kids are processing displays at about three letters per second. 
The evidence for auditory cofflparisdns is based estimates of rates of implicit 
speech generated in questiona1)le experiments With adults, so 1 really don't have 
any outside^ evidence to support the claip that comparisons could be auditory for 
kindergarten children and visual for, older children. I am certainly comfortable 
with that interpretation^ however. 



DANES: Da you have any explanation for the large difference in the y-intercept 
for the kindergarten children? They are going to cross at two, and extrapolating 
down to zero, the negativi^ntercept will be less than the positive. 



JUOJi: That is not true. The negative intercept is going to be less than th') 
positive intercept for the kindergarten children, whereas for all other people, 
if I extrapolated that function, you would find that the intercepts for positive 
and negatlve-trTalsMiould be about the same. 



>ij)l 



DAICS: Do yoiuhave any explanation for that rather large difference? 



lERLC 



JQOU: If you- look at the equations for self- terminating versus exhaustive 
soaimlQg models, you see that some part of .the comparison time does go into tl^p 
posltlve^'XliMroept in the self- terminating model, and It does not in the 
eKtevstlve seannlng model. 

mnUXs Jim» how would you acdount-- in the model you are talking about, Ed*s 



ltey21~P.M. ' 429 

■odel, or anybody^ else's information- processing model— for what goes on when the 
alCematlres are fixed; that Is, In the case where you wipe out the record? 

JUOLA: I Imagine that when the alternatives are not fixed, you are trying' to 
process the Information with respect to existing categories In memory; that 1^, 
the categories for letters, spelling patterns, and whole wo^ds. If I fix the set 
of letter alternatives for you and use them for 10,, 20, or 3)p trials. It might be 
more efficient to set up new categories specifically fdr this 
experlment^wcategorles that depend^ on only a small number of features««ln order 
to make the critical c Inctlon* It might be more efficient, for example, to 
amy I am going to look for a crossbar In order to distinguish an 1 from a £. I 
will only have to detect that single feature to make a distinction between an 1 
mod a £; I won't have to process other features tha^ might be Involved In 
deciding whether or not this letter belongs to an existing category In memory. I 
would aay that an effective strategy, when the letter eategorlei are fixed, would 
be to set up new partial, limited categories, that could be better matched to 
feature representation than could existing categories of the larger list. 

fBtZDs Do you hypothesize, then, that the matching process could terminate 
prior to the time the actual letter was Identified? 

JDOLi: Tea. Eaaentlally,* that Is why that atrategy would be more efficient than 
one la which you identified the letter and decided whether or hot It was the 
lettmr you were looking for. 

WUUXt Could you tost tbat hypottaosia by v«rylng th« •loilarity batwotn tbo 
liio altorntivM? 

42 
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JUOLA: Absolutely. In fact, the data that I showed suggest that. In one case, 
the alternatives changed froo trial to trial; inr the other, we held the 
alternatives constant. 

VEMEZfOr: No, I don't mean that way. Let's say hold them constant, but vary the 
alternatives . 

♦ 

JUOLA: I want to go back to the earlier experiment, where we showed word 
advantages when the letter alternatives changed from trial to trial, and no word 
advantages when alternatives were fixed. Ue also looked at the similarity of the 
letter alternatives and found no effect of similarity when the alternatives 
obanged frcoi trial to trial. Uhen the alternatives were fixed, however, we found 
a very large similarity effect, which would be consistent with that idea. 

If you set up feature list* specific to the letter alternatives you are 
looking for, you would probably have to sample more features to, distinguish the 
similar alternatives from the dissimilar ones. Massaro also reports similarity 
effects in a task where the alternatives are fixed, and no similarity effects 
where the alternatives vary. 

VEMEZOT: That's really remarkable. Think what a low level of c<x^ol tbat^ 
implies. Something continually bothers me about exhaustive search in the target 
match. Mbat would happen if the letter ccring came first and was followed 
Immediately by your target letter? 

JUOLA: Do you mean a Sternberg search task? 



fBUtZD: Because a resolution can take place first, you eliminate the resolution 
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proo#489 so what gives you the appearance of an exha^tlve search? Ycu still 
think you vould end up with jcurves that would show the4uount of search? 



JUOU: I think you are describing the Sternberg /Search task and an exhaustive 

' 7 

scanning process. It soiinds counterintuitive; why would a search process 

continue after a match is ^6und7 According io Sternberg, if a search process is 

/ . - 

faster than a process/ in which you have to decide^ whether or not a match is 

obtained 9 it^is usiialljr more efficient to complete the search jprocesa than it is 

to check for a match" after each cou^rison. 



VEREZKX: I suppose the serial position data should confirm this in some way. 
JUVA: Tes. 

fEH£Zn: Given^ though, that there h&s to be some complexities^ 

««0U: I liop« CO bmf the serial po«ltion dau in tbe final version of the 
paper; we doo*t hsTs tbea yet. 

CiUtEti Tou showed a graph of slopes for the last studjr, and you noted that tbe 
t-etip for the Idndergarten chUdren was two-to-one and that the other ratios were 
ao4 •ICBlfi' antly different. What were the ratios, tiioi«h7 My eye ploked up 



JMUt they are all bounded between two-to-one and one-to-one, but none of thea 
the (dodenutea ratio la alaost esaetly two- to-one. He are 
aoroM 270 trials, over 2 days for 20 subjeoU. It Is oonoelvable that 
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ve liave a few people using one strategy and a lot of people ilsing another 

strategy. . ^ 

CALPEE: Suppose that instead of looking at data and-testing the hypothesis, you 
look for the relative support in your data for the hypothesis that it's a 
two* to-one ratio for all groups, as opposed to a one-to-one ratio for the groups. 
Hf eye suggests that the two- to-one ratio might get sore support. 

JUOLA: For adults the negative slope is 28 msec; the positive slope, 25 msec. 
That's almost a perfect replication of a study we did at Stanford in 1969 t using 
coasonant letter displays. The ratios are very close to one-to-one for adults, 
and the ratio increases as you go to younger and younger kids, until it's almost 
eiactly two* to-one for kindergarten children. 

. CALPEE: Is it changing? 

JOOLA:. Tm, the ratio is getting larger as you tfork with younger and younger 
ohildren. Again, 1 will be lookii« to^see if that's a strategy-type effect; if 
m do have "self-terainating" children versus "exhaustive scanning" children. 

I. SMITH: Hhen Sternberg originally proposed bis search task, be argued that 
wlMO you get exhaustive search, 1^ is likely to be extreaely efficient, sore 
•ffioiant than self- terminating searoh. That fits beautifully with your data. 
Hitb tba kidBeifATtan kids, you only get evidence for self-terainating search 

'iriMB it is flow. * 

» * 

■ JNUt IflMa I ran an experiaent at Stanford, I askad eacb subject, in the 
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debriefing aeaaiona*, exactly vbat he or she was doing. One subject described, 
exactly the two altlsmatives* the self- terminating search and the exhaustive 
search. She said, "I^use the exhaustive search, because it*s faster and easier." 

JACCSON: As I sit through, this, 1 am able to conceptualize why there is such a 
gap between research .and practice* If I were a first-grade or kindergarten 
teacher, I would have a great deal of difficulty understanding what this 
discussion aeans in terms ^of / what I am supposed to do with group 1 tomorrow 
■omiog. I think it relates to thii^s that Frank Smith talked about ye*«^erday. ^ 
Maybe we do need to consider the^ relationship between the researcher and the 
practitioner, is there a direct relationship or is ther# a dichotomy? Are they 
separate? 

JOC|Jl: I am 6iti^ly sympathetic with that statement. 

USMICK: ' It may be usefia to point out that some of these studies will have 
their greatest value not inr telling us what to teach or bow to teach, but in 
dssorlbiQg what happens as ohildreh learn Jto read; in desoribing the growli^ 
mtte^»ts to look at ohaoges in^ word recognition and eventually sentence 
proosssiog. The next step is to look at those developmental changes in the 
oootoxt of knoNB instruotlonal aituationa. Diffarant aatboda of inatruotion 
ought tOrproduoa, or alght prodtioa, diffarant Idnda of cbai«aa ovar tiaa; that 
is, difforant rouiaa to baooBlng aklllad raadara. 

ao oaa part of iduit ia goiog on bara ia tba axanlnation of tba af facta of 
laatruBtioo ratb^r than tbO forauUtioo of praaoriptiona for inatruotioc. Tba 
/lilwUhood that aoMtbloi Inportant ia ha^pMii« batwaan Idndargartan and aaoond 
to halp ohildran aoqulra at laaat tha nfenanBttta^Qf laarnii^ to raad ia 
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CLAY: I vant to respond to Shirley. I asked Isabelle Liberaan about development 
in tbe visual area ratber than in the pbonemlc segmentation area. I said that if 
you are going to quote Elkonin, then you might go to some of tbe Russian 
"developmental^ psychologists, who have looked at visual scanning developmentally. 
Isabelle said, "Ho, kids learn their letters easily." 
> 

I fm sure many of tbe. . disadvantaged children have to go through 
developmental stages^ in order to achieve lettep identification. I am delighted 
to bear the emphasis to^y on tbe developmental ^aspects of visual search, vta^b 
is belpfttl ooce cbildnsn get into more complex components of reading. I agree 
entirely vith tbe notion that because you put so much emphasis on sound, visual 
amalysis baf been almost completely overlooted« I have been wrkiiig with 
temebers to help them unoerstand some of this development in the visual area. I 
think this is* very Important for tbe inracticing teacher; there is a 
lication here to be dealt in. * . ^ 



^ACiaOM: All I am say£i« is that there isn't that broker relationship, between 
prmotitioner and researcher, in tbe conference. 

USHICC: It takes a little bit of thlnkii« time; It^Cnbt a quick turnaround 
reqpanmr that does that brotering. ThatU part of the reason for the several 
layers of discussants, the immediate discussion that we are having now, the 
tormX disoussaats tomorrow morning and afternoon, who have bad a chance to read 
tbt mp»B and refleot on tbemt and then that set of four integi^tive papers. It 
1« • oinioUl qiMttioBf and I doa*t think tltlMr ay oosMnts or Ktri*'* w«r« 
■ttiliU to Mold it. M wrt only trying to aucgMt soac of tbt wtys in »Hhioh 
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thlQga that may not look directly relevant— and, in fact, don*t ^ell you what to 
do toaorrov*<-are part of the effort we need to understand how children can learn 
to read and, therefore, how we can help th^. 

£• SHITH: I want to respond to Shirley, too.^ I agree with you, 1 think there 
ia^^a very noticeable gap. I think we should draw a distinction betwen the r 
theory of reading and th^ theory of instruction. The talks you heard by Jla;\* 
Gleno, and ae are exclusively concerned with the theory of reading, but we were 
asked to see if what we said has any ifflplicaticns for a theory of instruction • 
Hhlle one would naturally guess that a theory of instruction will be related to a 
theory of reading, I think it is a mistake to ithink it will be the sane « theory. 
Perhaps that's what caused some of udVt^ be thinking we should be talking the 
exact same lingo, and we are not. Tou can find plenty of examples of this in 
other fields. I don't think it is anything to worry about. There is a great 
difference between the theory of biology and medical practice, and this runs 
tbroMgh science completely, and lias to. 

JACCSOH: I agree with^ that. That's the reason I brought up the comments Frank 
made yeaterday about the dichotomy. I bave#iot seen a foods on the dichotomy, if 
there la one, between research theory and pr^tice. 

.fniZD: . I don't think you abould aMspt what Lauren and Harie said to you. • I 
think you liave to teoept the kind of reaearch that 'a talked about her^ aa 
ftadimemtal reaearoh, motivated strictly by^ deairer to understand how htmuma ' 
oarry dm a oertain prooeaa. If, in faot, you arm. gelAf tp 4|i|.aiafflingf and 
aay,^ *0b. It might relate thia way or that,* then yotf# atrategy abould be to 
idemtlfjr real piroblema in the* olasaroom and go baak to resaarek to help you 
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^Molva vbat to do about thoae i»*obleaa. 

\ 

. This work is not aotivated by probleas. Ve don't really know that there are 
■any probleas inrolved in word recognitioo, and it aay turn out that word 
reoognitian is a silly place to think about getting further iaproveaent. 

— * 

As a scientist, one baa to buy the notion that there is a need to underatand 
and that out of that kind of uDderstanding, one can, over tiae, gaip a better 
aenae of security, aa he attache ^different areas, ^to those in ubich he is 
working. Bell Telephone reaefreh labwatory has esactly that attitude. They 

litM-ally turn their better researchers loosie on ac/thiog they want, on the 

* 

aaauvtion that any baaie understandinc in aath, electronics, or computing, . 
b«oauae of the fundaaent understanding it brings, will pay off for Bell, 
eireatually. ^11 mrented the transitor, and although there waa aoae thing liioe a 
15-year gap before the flrat piece of Bell equipaent ever used a tranaiator, they 
went right on developli^ it and trying to find waya to aate it better. 

I don't tkink ttet it's fair for those of us vbo are Interested in basic 
reeeernh to be forced to pretend that «e are doing this, beoause we see this 
noadarful reUtiooship betiMen our wrk and reading. As I said before, the 
sittKte Hs atart aaylng that, we aahs oiirselves responsible for identifying real 
probleBa and wrrkiog the other way. I think we get Into treaendoua probleaa when 
m atart trt^^g to draw tbeae tenuoua relatiooahina. There la a wrld of 
dlffsrenoe b e t w ee n fundaMotal ressaroh and .what you do in the olaasrooa. I 
4m*t think uliat Frank ailtta aayn ooms to that at all. Frank is siaply 
rUlaali^ «n kind of thaery with another, and neither relates to instruotion, 
ilMtkir ysv m to se-oalled Insida-out «* outaide-in. it's s false diohotnay, 
ivirytkiai that is §lnu hare t'lat U oitUide-ia has .to be s ooapooent of 
Mf iMlii tniT wrk. there is ae way, in reality, to deal nitk reading uithout 
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dMlli« with the reality of stUuircoalng In^ In fact, I vlll abow toforrov 
preelaely bov som people build the inalde-out ccMiponent into recognition oodela. 

P. SMETH: It ia really unreaaonable to expect reaear^ by people like Jia rnd 

^ 

Dave and' aoae of my earlier work to aolve probleaa in the claaarooa. Theae ara 



aoM of the kinda of thinga I waa addreaaiog ayaelf to yeaterday. People ' are 
workiiig in different dosainat and you have to let people ubo are doing the word 
raeognition atudiea get on vith<baaio reaearcbJ^Iou can*t aak thea to uae what 
they know to reaolTe achoolrooa probleaa. I think that ia one of the aiaa of 
thia conference 9 and it'a^one of the thinga I wanted to queation yesterday. 

On the other liandv people who are faailiar with claaarooaa have to try' to 
aaka aenae of wh<t theae reaearchera have to aay in light of the way they 
perceive the probleas. In other worda, the two endeavora have to' be brought 
togeCber, to the extent they can bCt^ut we abouldn't 'expect auch of an overlap. 
Although there will be a few oceaaional intorfaceay you can*t expect the peraon' 
with the leaat hnowledge~dn thia caae, the reaearcber«—to Mlve the problea in 
tbe larger area, the achool. Tou wouldn't expect the reaearcher to go «to 
acaabody in the achool and aay, *Lookt I have thia whole theoretical problea 
tere, aolve it forM, becauae you are working with kida who are iVaming to 
read** Iheee are two entirely different dcaalna. An4 what ia wrong here ia the 
expeototloQ thatjbbe reaearchera ought to be able to bi^idge the gap. ^ 

^ H aoood point. la that Jia ia not giving ui a theory of reading* * It*a a 
' ^. • . 

tbapry of word-recognition, a rather limited th^^r; of word recognition at that. 

1lpt*a fine; we ought to eooourage thia poaitlon. But there are a lot of other 

tUuga going oa in reading. Mord-recognltloo certainly lan*t all of reading. On 

warn oegaaioaa that aay« indeed, be yery little of reading.^ . ^ 

' ' . ' 50*' 



VBXTB: I want to play with Shirley's question a little bit. One question she 
MS asking, apart from asking for a definition of basic research, was: *Uhy am I 
sittiiv here listening to this?" ilpart froo the fact at basic research goes Its 
way, education goes its way, and the theory of human word reception is .not a 
theory of instruction, her question can be taken at a simple level. She is 
really saying, "Okay, here is « guy who is telling me some stuff, and what am I 
mupposmd to make out of it?" Suppose we take the question down from the highest 
apologetics and dress it in another way. The basic assumption of this cMferenoe 
is that two worlds are going to meet, so I think it is legitimate for somebody to 
try to project a pa^h by jdiich those two worlds will come together, unless we 
iMttit to treat this as one of those exercises in which we all speak and then leave 
in an exlstentially closed fashion. I didn't think that the answers to Shirley's 
quemtion were satisfactory. 



BBSUCK: Will you address that a little bit tomorrow? 



miTB: Yes, I am* going to try to, but now I want to point out that the answer 
given masn't really, an acceptable <me. ' ^ 

|^SEI: le vant to chastise Venezky and others . for not aooepti^ the 
responsibility for what they say in a research report. Xou say, "Veil, we are 
Just esplaining thing^" On the other hand, Juola does attempt to say: "If this 
is- the skill to be learned, then perhaps pbonios training should be revised or 

r«pl«o«d Mltb t— ohlr^ aetbods tbat caphaaiM regularities in Engliab 

» » 

ortlMgraplqr."^(ldltora V|ot«: Thia quote ia from an earUer draft of the Juola 

the final version). 
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vnBZKT; A totally Irresponflible statesent; 

QLMSSkx Soaa intalligent teacher la going to piok up. your article and aay* "Gee, 
\you loiov, that's intereating. Aa I teach^ my Idda or as I talk to ay publiaher 
•06^ UijLQga, that*a aoaething I aa going to be aenaitlve to." You can .call a 
|Aysioi« totally irreaponaible y^^h% says, "Geoi you^knov, aoaeone said that 
olioleaterol baa aoaething to do irith jihe circulation t>f your blood, and ouybe I 
m going to take that aerioualy and say aoaething to ay patienta if I read 
another publiahed atudy like that." n^ae are r^aonably reaponaible atateaents, 
' lAiob aoM intelligent people are going to be aenaitive to. 

VUBZO: The only anaver that I can give 'to that ia that I aa goiog to aake up a 
aetf paragraph at the end of every report. It* a goin^ to aay aoae thing like: 
"Hitbottt intelligent cooaideration of the needa of children, the reaourgea 
-availably to an inatruotor, and the capabilitiea of ^he teacher^ the conteata of 
thi^ report can be dangeroua to inatruetion." 

OLASII: I kttov nothing that abouldn*t be followed oy ^uoh a atateaent. | 

fmZOi I think that eV«ryone vho ia doing fundaaental reabarch ahouid be 
r«qttlr«d to do that, it wuld b« bottor than tboM (ratultous statcMnts wo'vo 
kMrd btro. « 



iERJC 



JACOMi Let ae quote a letter fk*tia Laurea^ "I ap^ writing to invite your 
to a aeriea of ooafereooea ooaoeraed with the general problea of 



tal«ipatlqg ttaee«>tioaI ra iearoh oa readii^ with Uauea of iaatniotional 



9PMttea# Oeapite ,the profueioa^of reaearoh in reading, we aeldoa offer atrong 
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auggeitlohs for inatructicnal practice. And despite the la^e number existing 
readings progransy feu have been analyzed to extract^^tbe Implicit theories idiich 
tlity represent. In, tbinking about bow best to help in bringing about the 
intecration, it was decided that tbls purpose could <best be ierved by a series of 



tings in which -people holding different points of view on reading presented 
tlie evidence for their positions," and integrations based on t^iiose j^esen tat ions 
• et cetera 9 et cetera, et cel4ra. , ^\ 

that supposedly is the focus of this conference'. ^ \« 

VnBZOr: Shirley, I think you have to accept the fact that no relationship is 
set. Zero reMtionship is still a^ relationship. The time idien we will sm the 
relationship between very basic reiearch and instructional practice is-fextresely 
distant. ^ He should quit pretending the two ^re so close thau we can go 

iMsdiately Into instihietion, ^ 

\ , ' * ' ' ' 

\ * • -r • 

JACISOl:' U&y arm* t tM Myli«- that? 



VBOtZp: , Bob' 8MU to -har* olear •Yidenoa that reaearobers have all b«ed failing 
OY«r .tha paat two;, yaara and patting a littla cloaar to inatruotion than wa 



JftCCSQfi. iJKf it out thara on tbo tabla. 



[{ Halt a Bicuta. Toa a^ aooapting ona point of viav with aa li«tla 
MM it M tha otter ona. 

r* Wim% ioth oaa*t My ttet uttbout blowint up thia buildinc.^ 



» 
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ROSHER; Given the chance to vote, I would vote with Shirley. But I have to 

support, the other argument with just two simple staternents. Nunber onel 

Somewhere in that letter, you caiqe across^'the phrase about the great differences 

that* do exisfe between research and practice, so you are simply seeing some of the 

separation between the^two fields. Nothing is perfect. Number two: 1 would bet 
that the bestii^:fiing about your making that statement was that you made it. In a 
ouBulative sense, that will change behavior over time. 

* I dpa*t think it will be here. » or at \%e next conference, where evei^vbodv ' 
will focus on the practicalities of reading, instruction, but I also think it 
helps, for you to raise that issues.^ It^ust isn't practical to look for lucid 
answers from the basic scientists. 

GLASER: Tou have to onderstand^ thAt basic scientists are tfained to be impressed 
with how much they don*t know. That's the only problem they are worried ^bovt: 
*Bo« much don*t we know?" Sometimes they get interested in hoji much we do know 
and wbat we might do, but that*s a different attitude. 



V 



Bipbasis on how much w<^ don*t know is a .very pervasive' attitude in 

♦ 

psyobology and in a lot of the social sciences and economics. Hf physics friends 
•ad ^iolQgy friends are much less bumble; they sometimes teel us what they know. 



fBIKn: if the Frenchman said, irtien he kissed the oow, "Each and every to his 

A 



OttOO: I ^ilnk^tbere is %till an answer^. Ve had f whole twb«day conference last 
mMjit S^j^ lite one .of these, but much more hdrnqfeneous, because just the 
were tberm< They really dugbt to have been able to communicate w^th, 
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each other, but at th^ end of t!wo days, one guy got up and said, ^'There is a 
Boral to the story: "Life is hard.** 

I really think there is another answer. One of the most difficult prcblec^ 
that we face is tidying to make that match between two different kinds of Jargons, 
two different attitudes— as Bob has no'^i pointed out — toward hcv to uce knowledge 
one 1^*8 gained. Some of us are sitting here not even knowing how to 
Ctittmunioate with the people that are closest to us about some of the things t^at 
we think we know. 

\ 

^auKSON: I think there is a dichotomy in terms of the attitudes and positions of 
researchers. Some r^^iearohers feel that it's necessary to try to bridge this 
gap. Other researchers apparently do not feel that this is something that is 
even worth pursuing.^ 

•GLASER: Speaker requested that his coomeqts be deleted* 



RESNICK: I am glad the question wrs raised. If nothing else, in the altercation 
between some of the more theoretical and clearly practicaL presentations » we have 
Spft beginnings. The fact that you are all willing to sit and listen to each 
other is perhaps of some interest in itself, I k^ow that politeness plays a 
great role in that, but it ca^t explain the whole story, because you didn't have 

to COM. 
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